A conventional 2D numerical model is improved by incorporating three submodels to 
Introduction

24
Helical flow or secondary flow caused by centrifuge force in meandering rivers plays an 25 important role in flow and sediment transport. It redistributes the main flow and sediment 26 transport, mixes dissolved and suspended matter, causes additional friction losses and additional 27 bed shear stress which are responsible for the transverse bedload sediment transport [1] [2] [3] .
28
Moreover, the secondary flow may affect lateral evolution of river channels [4] [5] [6] . Extensive 29 researches have been conducted about secondary flow effects on flow and sediment transport,
30
especially bed load in a singular bend [7] or meandering channels of laboratory scale [8] and rivers 31 of field scale [9, 10] . However, few researches focus on suspended load transport. In China, sediment 32 transport in most rivers is dominated by suspended load, such as Yangtze River and Yellow River.
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where ξ and η = longitudinal and transverse direction in orthogonal curvilinear coordinates 124 respectively; h1 and h2 = metric coefficients in ξ and η directions respectively; u  = depth-averaged 125 resultant velocity vector; H = water depth; Z = water surface elevation; C = Chezy factor; νe = eddy 126 viscosity; Sξ and Sη = correction terms related to the vertical non-uniform distribution of velocity;
127
(U, V) = depth-averaged velocity in ξ and η directions separately.
128
Secondary Flow equations
129
In order to consider different effects of secondary flow on flow, three secondary flow models two models are linear models which are theoretically only applicable to mildly curved bends, a redistribution phenomenon caused by secondary flow at different levels. These models serve as 146 submodels coupled to the 2D hydrodynamic model to account for different effects of secondary 147 flow on flow field. The major differences of them are summarized in Table 1 , while L and B models 148 can refer to the authors [44] for more details. Only NL model are briefly described as follows.
149
Based on linear models, NL model is able to consider the feedback effects between secondary 
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where fsn(β) and fnn(β) are the nonlinear correction coefficients expressed as Equation (7 ~ 8) [46] 159 which directly reflect the saturation effect of secondary flow [17] . Other parameters, κ = the Von 
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168 β = the bend parameter which is a control parameter distinguishing the linear and nonlinear 169 models; αs = the normalized transversal gradient of the longitudinal velocity U at the centerline; nc
170
= the position of channel centerline.
171
The phase lag effect of secondary flow is considered with the following transport equations [45] . 
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(1 ~ 4) which are solved again to get new information on the mean flow field. The procedure 
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where C = the sediment concentration, kg·m -3 ; Db, Eb = the erosion and deposition rate respectively, 
196 where α = deposition coefficient calculated by Equation (15) 
where τb = the bed shear stress, Pa; τcd = the critical shear stress for deposition, Pa.
200
where n = an empirical coefficient; M = the erosion coefficient, kg·m -2 ·s -1 ; τce = the critical shear stress
201
for erosion, Pa.
202
Most of the model parameters used for cohesive sediment calculation ( Li et al. [11, 12] because only the medium diameter of the sediment is 206 considered in this study.
207 Table 2 . Model parameters used for cohesive sediment calculation.
208
Related variables values
Settling velocity ωs 2.1 mm·s -1
Critical shear stresses τcd, τce
The morphological evolution due to cohesive sediment transport is calculated by the net 
222
channel morphodynamics [49, 50] . Also, it has been shown that similar models perform well in 223 confluence [38] and braided rivers [25] , which justify the application of these models in this reach.
224
The year 2012 is selected to study the secondary flow effects on bed morphology variation in 
250
275
The deposition module is verified by field measurements (Figure 5a 
308
The total deposition volume is calculated from S203 ~ S206 during different periods of this year,
309
because this part of the reach is seldom affected by the inlet and outlet boundaries. Deposition of 310 this part is greatly impacted by the velocity redistribution at S206 (e.g. Figure 4c and 4d), which is 
365
The differences among these models are listed in Table 1 
Secondary Flow Effects on Deposition Amounts
380
According to the deposition simulation results, secondary flow effects on the total deposition 381 volume are small during an annual hydrograph (Figure 7) . However, these effects vary with the 382 changes of the cohesive sediment properties, such as settling velocity and critical shear stresses of 383 cohesive sediment, which depend on the flow conditions and the process of bed consolidation.
384
Series of numerical experiments are designed to investigate secondary flow effects on the 
